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Abstract
An Aspen RateSep absorber model was developed based on a new interfacial area correlation which was developed by
experimental data for the MEA/CO2 system for Mellapak 2X packing. The model was verified with four tests from large scale 
pilot data (CESAR). Experiments were performed in a 1.1m diameter absorber equipped with four 4.25m bed of Mellapak 2X
packing. Although the RateSep model slightly overestimates the absorber gas temperature profile, the model successfully 
showed the temperature profile shapes in the absorber. The reaction affects the temperature bulge and absorption rate in the 
absorber. The lower CO2 removal efficiency predicted by the RateSep model can be explained by the assumptions behind the 
kinetic model development.
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1. Introduction
Post combustion with chemical solvent seems to be the best near-term process for CO2 capture from power 
plants. However, large-scale demonstration is one of the main technical challenges which should be overcome 
before an existing plant can be used for industrial scale CO2 capture. Hydrodynamics and mass transfer correlations 
are important in the design of the absorber which is a major cost item in these processes. The effective interfacial 
area is one of the most important parameters in the design of the absorber column for CO2 capture with chemical 
solvents. The effective interfacial area can vary over a wide range depending on the type of packing, operating 
conditions, and physical and kinetic properties of the gas/liquid mixture in the process.
Nomenclature
a Specific surface area of packing, 2 3m m
C Constant
d           Diameter, m
D Diffusion coefficient, 2m s
Fr Froude number, 2Lu a g
g           Gravitational constant, 2m s
Lh Liquid holdup, 
3 3m m
k Mass transfer coefficient, m s
Pr Prandtl number
Re Reynolds number
Sc Schmidt number
St Stanton number
HSt Stanton number for heat transfer
T Temperature, K
u Superficial velocity, 3 2m m h
We Weber number, 
Greek letters
Į Loading, 2molCO molMEA
H          Void fraction of packing
X          Kinematic viscosity, 2m s
P Viscosity, cp
ȡ Density, 3g cm
Subscripts
c          Column
e          Effective
G Gas
h          Hydraulic
L          Liquid
W Water
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The effective interfacial area is mostly determined based on two methods: 1) physical methods such as 
reflection techniques, electro resistivity and light transmission and 2) chemical methods where the interfacial area 
can be measured using a fast reaction like absorption of CO2 from air using sodium hydroxide. Based on these 
methods a number of empirical and semi-empirical correlations have been published in the literature for prediction 
of effective interfacial area for packed columns. The applicability and theoretical and experimental basis of 
published correlations vary, and they are developed with different precision and ranges of suitability for 
application. Therefore, applying any of these correlations for other applications than it was developed for requires 
good confidence in its reliability and accuracy.  As mentioned, most of these correlations are developed for 
distillation columns or based on absorption of CO2 from ambient air to a sodium hydroxide solution. Applying 
these correlations for CO2 capture with a chemical solvent, e.g. an amine solution, for a large scale power plant can 
lead to unpredictable results and inaccuracies are inevitable. 
A new effective interfacial area correlation was developed by Zakeri (2011)[1] based on experimental data for 
the MEA/CO2 system obtained in the Mellapak 2X, Flexipac 2Y and B1-250 M packings. The new model predicts 
the fractional effective mass transfer area well for both 0.3 M NaOH, and 30 wt. % MEA. One objective of the 
present work is to apply the new effective interfacial area model in RateSep and to develop a predictive model for 
large scale CO2 capture from power plants. Liquid viscosity and diffusivity correlations for MEA/CO2 were
implemented in Aspen Plus, and the new interfacial area correlation was introduced as a FORTRAN subroutine. 
The RateSep model was verified with large scale pilot data (EU CESAR project [2]).
2. Pilot plant and Aspen RateSep absorber model
Four test sets (campaign 1) from the Esbjerg CESAR pilot plant (see Table 1) were used to validate the RateSep 
absorber model in the present work. The absorber has inside diameter 1.1m with water wash section. The height of 
absorber is 17m and it is equipped with Sulzer Mellapak 2X, while the water wash section has 3m height with 
Mellapak 252 Y. MEA (30 wt. %) was used for removing CO2 (12 vol.% ) from a e400 MW pulverized bituminous 
coal. Simulation of the absorber alone was considered in this study.
Table 1: Parameters variation of CESAR test campaign 1
Parameters Test 1A-1 Test 1A-2 Test 1A-3 Test 1A-4
Removal efficiency  % 88 90 88 87
Flow gas flow  3Nm h 4952 4975 4999 4999
Lean MEA flow  3m h 24 21 18 15
Flue gas temperature 
0 C 50 49 48 48
MEA temperature 
0 C 40 40 40 40
Lean amine loading 0.290 0.258 0.222 0.181
The Aspen RateSep absorber model requires physical properties, thermodynamic model, kinetics and mass 
transfer correlations. The absorber pressure drop model (hydrodynamics) was provided by the vendor (Sulzer in 
this study) to Aspen Plus. The Phoenix thermodynamic framework [3] which is based on the electrolyte nonrandom 
two-liquid (ElecNRTL) activity coefficient model was used in this work. The density and viscosity of MEA were 
evaluated based on Hartono et al., 2012 correlations [4]. Diffusivity of CO2 into water and MEA solutions are 
necessary for evaluation of mass transfer in the RateSep model, and Versteeg et al., 1996 [5] was used in the 
present work. A new effective interfacial area correlation which was developed by Zakeri (2011) [1] for the 
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MEA/CO2 system and Mellapak 2X and the Billet and Schultes 1993 [6] mass transfer coefficients were applied in 
the RateSep model. The density, viscosity and kinetic model which were used in this study are similar with Zakeri 
(2011)[1] work. The correlations used in the present work are given in Table 2.
Table 2: Summary of correlations applied to the RateSep model
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Zakeri (2011) [1] used Versteeg kinetic model [5] with the apparent Henry’s law constant which was based on 
measured data from the literature to develop the interfacial area correlation for Mellapak 2X. The Versteeg kinetic 
model [5] has been applied in the RateSep absorber model, but the Henry’s law constant which is based on Phoenix 
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thermodynamic framework [3] was used in the present work. Phoenix model is using infinite dilute Henry’s 
constant in water as basis.               
The user FORTRAN subroutine was used to implement the physical properties (density, viscosity and 
diffusivity) and mass transfer correlations into the Aspen RateSep absorber model. 
3. Results and discussion
The RateSep absorber model was validated with four test runs from the Esbjerg CESAR pilot plant. The CO2
removal efficiency and the absorber gas temperature profiles are given in Table 3 and Figures 1-4, respectively. As 
can be seen, the RateSep absorber model underestimates the CO2 removal efficiency, and the liquid exit 
temperature is over-predicted by the model. In this study, the RateSep model was not forced to fit with the pilot 
results.
Table 3:  The CO2 removal efficiency
Case Test 1A-1 Test 1A-2 Test 1A-3 Test 1A-4
RateSep model 0.78 0.80 0.80 0.79
Pilot Plant 0.88 0.90 0.88 0.87
The discrepancy between the results of the RateSep model with the pilot plant can be explained by the 
assumptions behind the development of kinetic models and the difference in the Henry’s law constant used. The 
accurate prediction of the temperature profiles in the RateSep model is important due to the dependency of various 
parameters such as solubility of CO2 in aqueous solution, diffusivity, the kinetic reaction rates and physical 
properties to the temperature and thereby reflects these parameters. The Versteeg kinetic model [5] developed 
based on the experimental data available up to 1992. The apparatuses and temperature ranges used to obtain the 
experimental data might be affected by the accuracy in the Versteeg kinetic model [5]. The experimental data 
obtained in apparatuses were restricted to about 313 K. The Versteeg kinetic model developed for carbamate 
formation and based only on unloaded MEA. The reaction kinetics affects the temperature bulge and rate of 
absorption in the absorber. The RateSep model slightly overestimates the absorber gas temperature profile but
successfully showed the temperature profile shapes in the absorber. As can be seen in the Figures 1-4, temperature 
bulges are seen near the top of absorber due to low liquid-to-gas ratio. The location and shape of the temperature 
bulge depend on the heat of reaction, the CO2 concentration in the flue gas, the liquid-to-gas ratio and where CO2
absorbs into MEA. The location of the temperature bulges in the RateSep absorber model for the four test cases are 
slightly different due to variations in the MEA flow rates, and due to the slight difference of the temperature bulges 
the discrepancy between the model and the pilot data strongly increases at the top of the absorber.
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fig. 2. Test 1A-2- Absorber Gas Temperature Profiles
fig. 3. Test 1A-3- Absorber Gas Temperature Profiles fig. 4. Test 1A-4- Absorber Gas Temperature Profiles
fig. 1. Test 1A-1- Absorber Gas Temperature Profiles
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The effective interfacial area is an important design parameter especially in scale-up CO2 capture processes.  It directly affects the mass transfer
in the absorber. The values of effective interfacial area calculated by the RateSep are given in Table 4. As can be seen, effective interfacial area 
changes by gas and liquid flow rates, and the maximum value is given by test 1A-1.
Table 4. Effective interfacial area calculated by RateSep model
Case Test 1A-1 Test 1A-2 Test 1A-3 Test 1A-4
 2 3ea m m 264.16 251.78 236.91 221.78
 3 2Lu m m h 25.26 22.10 18.94 15.79
4. Conclusion
The new effective interfacial area which was developed based on the MEA/CO2 system and for Mellapak 2X
packing, applied in the RateSep absorber model, and compared with the pilot plant data. The model underestimates 
the CO2 removal efficiency which is explained by the kinetic model assumptions and data which used for develop 
the kinetic model. Although the RateSep model overestimates the gas temperature profiles in the absorber, the 
shape of gas temperature profiles are accurate. As models for kinetics and physical properties are used in the 
development of interfacial area correlations, it is important that the same correlations and models are also used in 
the large scale simulations.
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